Transmembrane Serine Mutations reduce the Minimum Pore Diameter of Channelrhodopsin-2  by Richards, Ryan & Dempski, Robert E.
630a Wednesday, February 6, 20133237-Pos Board B392
Detection of Trpm8 and RyR2 Activity on a Low-Noise, Automated Planar
Lipid Bilayer Platform
Prithwish Pal1, Melissa A. Poquette1, Michael G. Keehan1,
Bernado Zepada2, Eleonora Zakharian3, Ariel L. Escobar2,
Geoffrey A. Barrall1.
1Electronic BioSciences, San Diego, CA, USA, 2University of California,
Merced, CA, USA, 3University of Illinois College of Medicine, Chicago,
IL, USA.
The ability to measure the activity of ion channels at the single molecule level
in isolated planar lipid bilayers (PLB) is a critical tool for understanding the
mechanism of such proteins. This is particularly important in the light of the
many physiologically important ion channels that have been recombinantly ex-
pressed and reconstituted in recent times. However, most current PLB tech-
niques involving bilayers painted across apertures >100 mm suffer from high
noise arising from the capacitance of the bilayer and are severely limited in
bandwidth. High noise and low bandwidth makes it difficult to investigate
the fast gating properties of certain channels, thereby requiring complicated
patch-clamp experiments.
We have previously reported on the development of a novel platform, Nano-
patch, based on glass nanopore membranes (GNMs, 200-3000 nm radius
pore size), for performing high bandwidth, low noise measurements of ion
channels on robust PLBs. Here we show further development of the platform
with lower noise achieved with quartz membranes (QNMs), automated bilayer
formation, and an electronically controlled auto-toggle routine for automated
protein insertion. We also demonstrate the successful membrane incorporation
and characterization of two multimeric ion channel proteins: the Ryanodine
Receptor (RyR2) and the Transient receptor potential melastatin 8 (Trpm8).
RyR2 channels were incorporated through osmotic swelling induced fusion
of vesicles prepared from the sarcoplasmic reticulum, while Trpm8 channels
were directly incorporated from a detergent solubilized protein solution. These
experiments demonstrate the possibility of performing automated PLB mea-
surements with patch-clamp like noise performance for a wide variety of ion
channels.
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Channelrhodopsin-2 (ChR2) is a microbial-type rhodopsin that, together with
channelrhodopsin-1, mediates phototactic behavior in the green algae Chlamy-
domonas reinhardtii. Like all other microbial-type rhodopsins, ChR2 has seven
transmembrane domains with the chromophore all-trans retinal bound to a sin-
gle lysine residue. However, unlike other microbial-type rhodopsins, ChR2
functions as a non-selective cation channel and not an ion pump. A sequence
alignment of ChR2 with the proton pump bacteriorhodopsin (bR) reveals that
ChR2 lacks specific motifs within the transmembrane domains that facilitate
non-covalent interactions and contribute to protein stability. Specifically, there
are eight TM serine residues, which have a high propensity for forming inter-
and intrahelical hydrogen-bonds, present in bR that are absent in ChR2. We
hypothesized that the re-introduction of serine residues at homologous
positions in ChR2 would facilitate hydrogen-bonding, thus reducing the pore
diameter of ChR2. We measured kinetics, reversal potentials, and calculated
permeability ratios of alkali metal solutions using two-electrode voltage
clamp. Applying excluded volume theory, we determined the minimum pore
diameter of wild-type and mutant ChR2. Three mutants had either reduced
functionality or low surface expression. Furthermore, four ChR2 mutants
were determined to have smaller pore diameters than wild-type ChR2 while
one mutant was similar to the phenotype, but had two-fold slower kinetics.
Lastly, we replaced an endogenous serine residue with alanine and observed
an increase in the pore diameter. An analysis of experimental results shows
that re-introducing serine residues into the transmembrane domain of ChR2
can restrict the pore diameter while the removal of a transmembrane serine
results in a larger pore. We suggest that the pore restriction is caused by the
formation of an inter- or intrahelical hydrogen-bond and that multiple posi-
tions along the intracellular side of the transmembrane domains contribute
to cation permeability.
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Jaume I, Castello´n, Spain.OmpF is a protein that forms water-filled, wide channels in the outer membrane
of Escherichia coli. Previous studies have shown that the narrowest part of
OmpF aqueous pore is largely responsible for its characteristic transport prop-
erties. To a large extent the pore eyelet controls the conductance and selectivity
of the channel. In addition, the channel crystal structure obtained from a MgCl2
solution of the protein showed that Mg2þ ions bind between two acidic residues
located at the channel constriction. Subsequent studies have demonstrated that
this binding causes OmpF selectivity inversion. Here, we aim to get further
insight into the effects of MgCl2 binding on OmpF ion conduction through
the analysis of current fluctuations. We use planar lipid bilayer electrophysiol-
ogy to measure time-resolved single-channel currents and analyze the associ-
ated fluctuations. We first evaluate the high-frequency regime for different
concentrations of KCl and identify a contribution to the spectrum that seems
to arise from surface charge fluctuations. We then compare these results with
those obtained in MgCl2 . In addition, we analyze the low-frequency current
noise, which shows the characteristic Lorentzian profile, and study its depen-
dence on electrolyte concentration in the presence of monovalent and divalent
cations.
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OmpF is a general diffusion porin located at the outer membrane of Escherichia
coli. Its aqueous pore has an hour-glass shape with a narrow constriction placed
at about half of the channel pathway. Two acidic residues in this region face
a cluster of three positive arginines, creating a high transverse electric field.
This separates the permeation trajectories of cations and anions, resulting in
a particularly effective permeation.
We previously reported that millimolar concentrations of LaCl3 added to
a symmetric KCl solution also yield a current reduction in OmpF channel
[1]. Here we use planar bilayer electrophysiology to understand several charac-
teristic features of the partial channel blocking induced by lanthanum ion:
1) La3þ cations reduce the current only when they are added at one side of
the membrane (the side of protein addition); 2) The reduction in channel
conductance only appears for positive applied potentials; 3) The current inhibi-
tion is significantly dependent on the concentration of the supporting electro-
lyte, KCl; 4) These three effects become apparent with tiny quantities of
La3þ ions.
We demonstrate that a competitive interaction between La3þ and Kþ ions is
compatible with the asymmetric inhibition. In addition, we analyze the voltage
dependence of the current reduction to obtain information about the asymmetry
of the blocking. Finally, we show that the substitution of several residues
located at the OmpF central constriction can either enhance or inhibit the
lanthanum block, pointing out that the interaction between La3þ ions and the
OmpF channel is likely to occur in the vicinity of the mutated residues.
[1] C. Verdia´-Ba´guena, et al. (2012) J. Phys. Chem. C 116, 65376542
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Plant cells express in their plasma membrane (PM) a complex set of aquapor-
ins, responsible of increasing the osmotic permeability (Pf) and thus allowing
faster water adjustments. This set includes PIP aquaporins, which also sense
cytosolic acidification blocking the water pathway through their pores. A sub-
group known as PIP1 have proven in many different plant species to addition-
ally request physical interaction with a PIP2 aquaporin reflecting a differential
modulatory mechanism. Here we explore how a fruit specific PIP1 aquaporin
from Fragaria x ananassa -FaPIP1;1- contributes to modulate the PM in terms
of Pf and pH sensing. Being already characterized FaPIP2;1 properties (Alleva
et al., 2010 J Exp Bot) we designed a FaPIP2;1 mutant with the initial purpose
of occluding its pore by replacing a highly conserved residue (N228D). The ex-
perimental approach included i) functional studies (measuring Pf in Xenopus
oocytes) and ii) localization studies (fluorescence confocal analysis employing
YPF-FaPIPs). Our results show that i) FaPIP1;1 is capable of reaching the PM
